Osteoarthritis is the most common cause of physical disability that Americans face, leading to destruction of the joints of the body. The primary joint affected is the knee, and the leading treatment is total knee replacement. The incidence of total knee replacement surgery is rising-and will continue to rise-as a treatment for knee pain resulting from osteoarthritis (Mizner et al., 2005) . Various psychological factors have been proven to influence a person's well-being in general and, more specifically, with recovery from illness or surgery (Taylor, 2011). Presurgical psychological screenings are an important factor in determining how the patient will recover from surgery (Dooley, 2013). This study will analyze four different psychological factors and their potential influences on the recovery time from total knee replacement surgery. The psychological factors include personality, dispositional optimism, coping methods, and social support. These factors were chosen because they play an important role in health and illness and are important factors in recovery from surgery (Taylor, 2011). Each of the four psychological factors will be measured prior to the patient's knee replacement surgery through the administration of psychological tests designed to quantify the patient for each psychological variable. A separate test will be given for each of the four factors. The participants will undergo the standard knee replacement surgery and then complete the customary physical therapy treatment for knee replacement. Physical therapy is essential after knee replacement to rehabilitate the patient and make their replaced knee functional. Physical therapists direct and assist the patients on their road to recovery to achieve certain standardized goals in range of motion, pain levels, swelling, and strength of the knee. Patients are discharged from physical therapy by the physical therapist when their knee reaches the aforementioned goals. Recovery time in the study is classified as the number of days from surgery to discharge from physical therapy, which will be analyzed based on the participant's psychological scores for each factor.
Introduction

Background
Total knee replacement surgery, also known as total knee arthroplasty (TKA), is the most common joint replacement surgery. The main reason for needing TKA is osteoarthritis of the knee (Mizner et al., 2005) . Osteoarthritis is a progressive disorder resulting from wear and tear on the joints during aging. It causes degradation of the cartilage between the bones, leading to bone-on-bone rubbing, and thus, pain and stiffness in the joint (Murray, 1985) . This disorder mainly affects people over the age of 50, and the average age of patients undergoing TKA is 67 years old (Porucznik, 2015) . According to the Agency for Healthcare Research and Quality, more than 600,000 people undergo TKA each year in the United States (Ruiz et al., 2013) . A study found that the lifetime societal savings of TKA was $18,930 per patient. For 600,000 people, that is a total savings of $12 billion. The study found that 85% of the savings came from increased employment and earnings, and 15% came from fewer missed workdays and lower disability payments. These savings primarily benefitted patients and employers (Ruiz et al., 2013) . The knee pain and stiffness people suffer from often severely limits their daily activities. Many times, due to overcompensation on the other leg, the patient's other knee will also start to develop problems. TKA is recommended for a variety of reasons: when patients have pain and stiffness in the knee during physical activities such as walking or climbing stairs; when they experience pain while at rest; when the knee swelling cannot be maintained through other methods, such as rest and medications; when a deformity starts to develop in the knee, such as bowing out of the leg; or when the pain cannot be minimized through other treatments, such as cortisone shots or physical therapy (Mizner et al., 2005) . TKA has been performed for many years and is now a common cure for joint degradation. The procedure ( Figure 1 ) involves removing the ends of the tibia (shin bone) and femur (thigh bone) at the knee joint and replacing them with an artificial material made of metal and plastic. In some cases, the back of the patella is also removed or replaced with a plastic cap. Advances have been made in the procedure to make it less invasive, which resulted in a smaller incision site (Murray, 1985) . The replaced knee gives people freedom and the ability to perform daily activities. Overall, it greatly improves their quality of life. 
Physical therapy recovery
Physical therapy is essential after TKA for full recovery of the knee-a patient will not regain proper function of their knee without it. The goal of physical therapy after TKA is to reduce swelling, obtain full range of motion (ROM) in the knee, body-awareness and balance training, muscle strengthening, and activity-specific training to return the person to daily life (Mizner et al., 2005) . After TKA, a patient stays in the hospital and receives inpatient treatment from a physical therapist for about 3 to 5 days. During this time, the therapist works with the patient on minor muscle strengthening exercises, weight bearing with crutches or a walker, and increasing ROM. The patient is then discharged and receives about 2 to 3 weeks of at-home therapy, during which the therapist comes to the patient's home to work on furthering ROM and strength and walking with more weight bearing. After this time, the patient goes to outpatient therapy at a physical therapy clinic and receives treatment 2 to 3 times a week. Most patients are discharged about 13 weeks post-surgery once they have reached the specified goals of physical therapy (Mizner et al., 2005) .
Psychology models
In the measurement of a person's health, wellness, and recovery from injury or illness, the biomedical model was the traditional approach for diagnosis and treatment. This model states that the physiological (see Figure 2 ) aspects provide all the necessary information to properly diagnose a patient (Taylor, 2011) . The model was widely accepted and used for many years, and only recently have psychologists proven that it is not the best model to diagnose and treat a patient. Psychologists now emphasize the use of the biopsychosocial model instead ( Figure 2 ). This model was developed in the 1980s and led to a more comprehensive, holistic approach for diagnosing and treating patients. It considers the physiological or biological aspects of the disorder, the psychological factors from which a patient may suffer, and the social or environmental influences acting on the patient (Sanchis-Alfonso, 2014). With this model, all aspects of the patient's life are taken into consideration, which allows for a more accurate diagnosis and a better treatment plan (Taylor, 2011 and Saraceni, 2014) . In this study, four psychological factors will be studied in relation to recovery rate: personality type, dispositional optimism, coping strategies, and social support. 
Personality
The personality traits people have influence how they handle stress. Some traits make the stressful situation worse and some help to improve it. Personality can be categorized on a scale from Type A to Type B. The typical person with a Type A personality is competitive, time urgent, controlling, aggressive, has difficulty relaxing, is concerned about status, and is generally more predisposed to stress (Taylor, 2011) . The typical person with a Type B personality is patient, relaxed, easy-going, charismatic, lacks sense of urgency, and is generally not stressed easily (Taylor, 2011) . The extremes of both personality types are not desirable for a person's health, but Type B people suffer from fewer stress-related illnesses.
Dispositional optimism
Dispositional optimism is the extent to which people have positive, confident expectations about their own future outcomes (Scheier et al., 1989) . Optimists believe that good things will happen in their future and emphasize the positive aspects of stressful situations, whereas pessimists have negative views about the future. Optimism has been shown to promote more active and persistent coping efforts, which are beneficial for psychological adjustment and health (Segerstrom & Sephton, 2010) .
Coping strategies
Coping strategies are the techniques that people use to deal with the internal and external demands of stressful situations. There are four main types of coping strategies, as seen in Table 1 . The first is avoidant (minimizing) coping, in which people cope by withdrawing or avoiding the issue. Studies have shown that avoidant coping is effective in the short-term but not with long-term stress (Taylor, 2011) . The second strategy is approach coping, in which people deal with stressful events by tackling them directly and attempting to come up with solutions. Studies have shown that approach coping is very effective and linked to better mental and physical health outcomes (Taylor, 2011) . The third strategy is problem-focused coping, in which people attempt to do something constructive about stressful conditions that harm, threaten, or challenge them. The fourth strategy is emotion-approach coping, which involves clarifying, focusing on, and working through emotions experienced from the stressor. Emotion-approach coping has been shown to be beneficial (Taylor, 2011) . Coping strategies have been shown to predict recovery rate from surgery, in addition to the clinical variables (Kopp et al., 2003) . 
Social support
Social support is the most protective of the psychosocial aspects against the effects of stress. It is defined as the information a person receives from others that he or she is loved, valued, cared for, and part of a social network. People with high levels of social support experience less stress when they face a stressful situation and cope with it more successfully (Taylor, 2010) . Social support decreases the likelihood of illness and speeds the recovery from illness (Krohne & Slangen, 2005) .
Significance
This study will use the biopsychosocial model in the evaluation of recovery rate from TKA. All current physical therapy treatments in the recovery from the surgery are focused on the objective measurements of the knee: range of motion, pain, balance, and other factors. However, the results of this study will demonstrate whether certain psychological and social factors influence the rate of recovery from knee replacement surgery. TKA is undoubtedly disruptive in the patient's life; it takes away freedom and mobility for 2 to 3 months, which makes maintaining a normal family life, job, or leisurely activities difficult. People undergoing the surgery want a functional knee that allows them to return to daily life as soon as possible-they want a quick recovery time. In this case, the biopsychosocial model states that recovery may be influenced by factors other than the status of the knee, such as psychological states and social influences. The results of this study may be very important in the future training of
Advantageous Strategies Disadvantageous Strategies Approach coping
Avoidant (minimizing) coping Problem-focused coping Emotion-approach coping physical therapists in the psychological aspects of the recovery and in the creation of an individualized treatment plan based on the physical and psychological needs of the patient.
Objectives
• Psychological factors will be tested as confounding factors in the recovery rate from total knee replacement surgery. •
Four psychological factors will be tested to determine their roles in the recovery rate: personality, dispositional optimism, coping strategies, and social support.
Hypothesis
People that have a Type B personality, higher levels of dispositional optimism, more advantageous coping strategies, and more social support will have a faster rate of recovery after TKA than people who lack these traits. These people have positive psychological factors that aide in dealing with the stress of surgery recovery, as well as the care and rehabilitation provided by physical therapy.
Prediction
People with Type B personality, higher levels of optimism, positive coping strategies, and more social support-as assessed by questionnaires evaluating their mental health and objective measures of their recovery rate as assessed by a physical therapist at various time points-will have a faster recovery rate and return to normal functioning sooner than those with Type A personality, lower levels of optimism, negative coping strategies, and less social support.
Methods
Participant recruitment
The study will involve 40 TKA patients with about equal proportions of gender recruited from multiple orthopedic surgeons' offices. The surgeons will be contacted and asked to participate in the study by referring patients who will undergo TKA to us. Patients who accept the offer to participate will receive $20 Target gift cards upon completion of the study. The participants will sign an informed consent form stating that they can back out of the study at any time and that all of their personal identifiers will be disassociated from their medical data (each patient will be assigned a number so that his or her name is detached from the data). Any participant who refuses consent will be removed from the study. A general health survey will be given to the participants to obtain their medical history and will include questions regarding age, marital status, weight, height, smoking habits, prior heart disease, diabetes history, existence of osteoporosis, exercise regimen, typical alcohol consumption, drug use, and any previous psychological disorders (e.g. depression). To be considered for participation in the study, the patients will be limited to those who are undergoing TKA for the first time, those who have not had previous surgeries that required physical therapy, and those who are not having an emergency-based surgery.
Pre-surgery psychological test administration
On the final doctor's appointment before surgery, the general health survey and the four psychological tests will be administered ( Table 2 ). The Life Orientation Test (LOT) assesses an individual's dispositional optimism by detecting their generalized expectations of positive outcomes (Scheier et al., 1994) . The Type A-Type B Personality Test evaluates an individual's personality traits on a scale from Type A to Type B (Goldberg, 1979) . The Interpersonal Support Evaluation List measures an individual's level of emotional and practical support to determine a measurement of social support (Cohen et al., 1985) . Finally, the Ways of Coping (revised WOC) scale asks subjects the ways in which they respond to stressful situations to identify their coping strategies (King et al., 1998) . 1 The four tests will be administered in succession; because the total time will be less than one hour, the results of each test will not be affected by taking them one after another (Taylor, 2011) . However, the four tests will be administered in varying orders for each participant to negate any relationship that may occur from administering them in the same order for each participant. 
Post-surgery recovery
After the surgery, the patients will undergo the typical physical therapy for a knee replacement: inpatient hospital care, outpatient home care, and outpatient care in a therapy office. The physical therapists will work with the patient to achieve the goals of physical therapy, which include reducing swelling, obtaining full ROM in the knee, body-awareness and balance training, muscle strengthening, and activity-specific training to return the patient to daily life. The physical therapists will record objective measures of knee progress, such as range of motion, pain levels, swelling, and strength every week for the first 7 weeks, and at every visit for the remainder of the treatment to track the patient's progress. Patient recovery rate (in days) will be determined from the day of the surgery to the day the physical therapist discharges the patient. The physical therapist will contact this study when individual patients complete their therapy so we can obtain their recovery rate time.
Psychological Test Measurement Length of Test Life Orientation Test
Dispositional optimism < 5 minutes Type A-Type B Personality Test Personality traits on the Type A/ B scale < 10 minutes
Interpersonal Support Evaluation List
Social support < 5 minutes
Ways of Coping
Coping strategies 10-20 minutes
Data analysis
After all of the participants have been discharged from physical therapy-representing that their knees have fully recovered-the results from their psychological tests will be compiled with their recovery times (Table 3) . Each psychological test is measured on a continuous number scale; therefore, each test will be analyzed individually with the recovery rate using a simple regression analysis. An R 2 as well as a p-value (α < .05 is significant) will be determined and used to denote the significance of each psychological variable on recovery rate. The statistical program JMP will run the regression analysis. This program is accessible for download from the Cal Poly Portal.
Additionally, a multiple regression analysis will be run through JMP to analyze the four psychological factors from one model to determine the main effects model in order to see which psychological variable is significant while taking all the other psychological variables into account. This analysis will give an R 2 adjusted and an overall p-value, as well as a p-value for each psychological test. The psychological test p-value is the most important result in showing whether the psychological factors have significance when the other factors are also included in the model. The results from the health survey for each participant will be incorporated as random effects in the regression model in JMP. The data will determine whether the four psychological factors influence the rate of recovery from TKA. If positive psychological factors are found to increase recovery rate, the data can be an integral factor for future therapy techniques. In the future, incorporation of psychological understanding and training for physical therapists could enhance recovery from surgery, and negative psychology can be addressed in the recovery as a limiting factor of normal recovery time. 
Feasibility
Connections have been established with two physical therapy offices that have connections with knee surgeons, which will allow access to the patients and the ability to track their progress. Support has been obtained from the owners of the physical therapy offices for this study, and the four psychology tests are currently accessible (see appendix Table 4 . Timeline for the research project. Participant recruitment will take an estimated 4 months because each physical therapy office receives about 5 new TKA patients per month; therefore, reaching 40 TKA subjects between the two physical therapy offices will take about 4 months. Participant recruitment will occur in the knee surgeon's office, and the typical amount of time between the final doctor appointment and the knee surgery is 3 weeks. Each patient's recovery time after the surgery is about 13 weeks; therefore, to account for participants starting their surgeries at different times, the total time for recovery of all patients will be around 9 months. Data analysis will include compiling the results from the psychology tests and the patients' recovery times, and running statistical tests to find data significance. If significant results are found, a paper will be written to demonstrate the results and their importance within the broader community. Table 5 . Budget for the research project. The total budget for this project will be $1,125 ( Table 5 ). The gift cards will be used as an incentive to recruit participants; furthermore, Target was chosen because it has a diverse supply of products, so it will appeal to the general population of this study. Printer paper and ink will be purchased to print the psychology tests. Travel expenses include the gas used in traveling to the surgeon's office and the physical therapy offices. 
Budget
